Objectives: Stressful family environments early in life have negative effects on physical health. However, less is known about the health effects of positive aspects of families. We examined the associations between maternal responsiveness and immune markers among youth with asthma and identified youth expressions of positive affect as a potential mechanism of these associations. Methods: Forty-three youths with asthma (26 boys; aged 10-17 years) wore the Electronically Activated Recorder for 4 days to assess maternal responsiveness and youth expressions of affect from audio-recordings of daily life. Trained coders rated Electronically Activated Recorder sound files for expressions of maternal responsiveness and affect displayed by the youth. Peripheral blood mononuclear cells were isolated, cultured, and assayed to determine stimulated levels of interleukin (IL)-5, IL-13, and interferon-γ. Results: Greater maternal responsiveness was associated with decreased stimulated production of IL-5 (r = −0.38, p = .012) and IL-13 (r = −0.33, p = .031). Greater total positive affect in youth was linked to decreased stimulated production of IL-5 (r = −0.46, p = .002) and IL-13 (r = −0.37, p = .014). Total negative affect among youth was unrelated to immune responses. There was a significant indirect effect of maternal responsiveness via positive affect in youth on lower levels of IL-5 (95% confidence interval = −3.41 to −0.03) and IL-13 (95% confidence interval = −2.34 to −0.01) when adjusting for caregiver-youth conflict and negative affect among youth. Conclusions: These results indicate the importance of positive family interactions for youth and provide preliminary evidence for a mechanism through which parenting can influence immune responses in youth with asthma.
INTRODUCTION R
esearch has clearly demonstrated links between negative family interactions and poor physical health (1, 2) . A growing literature suggests that positive interactions may have a beneficial impact on child development and health by influencing immune functioning as well as by decreasing the onset and progression of inflammatory disorders such as asthma (3, 4) . However, much less is known about the health benefits of positive family interactions for developing youth or the mechanisms through which these relationships might occur, despite recent calls for research clarifying the links between child and adolescent development and chronic illness (2) . The present study seeks to clarify the relationship between positive parenting behaviors and youth health-specifically immune responses among youth with asthma-and identify a potential psychological mechanism of this relationship.
Research on child development has shown that parental behaviors, specifically maternal responsiveness, are critical during infant years and are predictive of beneficial cognitive and emotional outcomes later in childhood (5, 6) . Parental responsiveness is a key aspect of the parent-child relationship that includes daily exchanges of action and reaction by youth and caregivers, in which caregivers respond in an appropriate, prompt, and contingent manner to youth behavior (7) . Unresponsive parenting comprises behaviors that are inconsistent, delayed, or unreliable and is linked to a number of psychological vulnerabilities throughout development (8, 9) . Harsh and unresponsive parenting behaviors have also been associated with poor health outcomes in youth and into adulthood (10, 11) . Research has focused on the direct impact of negative parenting strategies and family dynamics on immune function, such that perceived lack of support from parents is linked to increased stimulated concentrations of interleukin (IL)-5, interferon (IFN)-γ, and eosinophil production in youth with asthma (12) .
Fewer studies have examined the impact of positive parenting behaviors on youth outcomes. Nurturing and attentive maternal behaviors are linked to positive emotional outcomes and fewer externalizing problems (13, 14) . In addition, positive parenting behaviors have been shown to mediate the relationship between cumulative risk during childhood and subsequent problem behavior (15) . Despite the favorable impact of positive parenting behaviors on emotional and behavioral outcomes, the research determining the direct impact of parental positive behaviors on youth health is scarce.
Emerging research suggests that positive affect may be a mechanism through which daily parent-child interactionsspecifically maternal responsiveness-may affect immune functioning and, thus, diseases of the immune system such as asthma and markers associated with inflammation (3, 16) . Positive affect is commonly defined as a level of pleasurable engagement with one's surrounding environment including brief time-limited durations or displays of a trait-like disposition (17, 18) . Broadly, research with adults has demonstrated a relationship between reported feelings of positive affect and superior health outcomes (19) (20) (21) . Positive affect is associated with a variety of cellular immune responses in adults, from increases in stimulated production of IL-2 and IL-3 to decreases in tumor necrosis factor-α (18, 22, 23) . Although a handful of studies have examined the relationship between positive affect and immunity, none to our knowledge has examined the relationship between expressions of positive affect (e.g., observed positive affect expressed in social interactions) and immunity.
Asthma is a chronic disease characterized by inflammation and airway hyperresponsiveness that currently affects more than 10 million youth in the United States and is the third most leading cause of hospitalization (24, 25) . Research has focused on the relationship between stress and asthma, linking T H 1, T H 2, and/or proinflammatory cytokines which accentuate airway inflammation found during asthma exacerbations (26) . In studies using peripheral blood analyses, young adults with asthma after stressful situations tend to have heightened IL-5 production, a T H 2 cytokine linked to inflammation in asthma (27) . In vitro analyses with stimulated cytokines demonstrated that adolescents with asthma from lower socioeconomic neighborhoods had greater levels of stimulated IL-5, IL-13 (a T H 2 cytokine), and IFN-γ (a T H 1 cytokine associated with initiating cellular immune responses and protection against infections), and further, this relationship was partially explained by stress levels (28) (29) (30) . Rather than focus on negative psychosocial factors, the work described here sought to examine positive factors in family life, including responsive parenting, and their associations with immune responses.
The Current Study
The goals of the present study were to determine if naturalistically observed maternal responsive behaviors, assessed using the Electronically Activated Recorder (EAR; described in detail later), are associated with immune responses in youth with asthma and to determine if youth expressions of positive affect in daily life provide a mechanistic explanation of associations between maternal responsiveness and immune responses. We expected that greater displays of maternal responsive behavior and displays of youth positive affect would be inversely associated with stimulated levels of cytokine production, including IL-5, IL-13, and IFN-γ. We also expected an indirect effect of maternal responsiveness on the immune responses through displays of youth positive affect. Although not a central focus of the current study as it is less novel and better understood, we also examined the relationship between youth expressed negative affect in daily life and the study variables.
METHODS Participants
Forty-three children and adolescents aged 10 to 17 with asthma and their primary caregivers took part in the study as part of the pilot study for a larger longitudinal study investigating the effect of family environments on child health, the Asthma in the Lives of Families Today study (see Table 1 ).
1 Participants were recruited from November 2010 until August 2012. Primary caregivers included 41 mothers, 1 father, and 1 aunt. Participants were recruited through Metro-Detroit hospitals, clinics, and area schools. Families were informed that the purpose of the study was to better understand the relationship between aspects of daily life and asthma. Families were eligible for the study if the youth was between the ages of 10 and 17 years with a diagnosis of mild to severe 1 Other articles from the same project have examined naturalistically observed conflict and asthma symptoms (31) and socioeconomic status and youth behaviors (32) . The present analyses do not overlap with analyses from those other articles. asthma. Families were excluded if the participating youth was currently using oral steroid medication(s), diagnosed as having a chronic condition other than asthma (e.g., endocrine disorders, immunodeficiency, and cardiovascular disease), or diagnosed as having a medical condition that may interfere with immune system function (e.g., pregnancy, chemotherapy, or radiotherapy in the past year). Written assent and consent were obtained from the participating youth and their parent(s), respectively.
Procedures
The participating youth and caregiver visited the laboratory, where they completed a number of questionnaires on a laboratory computer, individual interviews, and pulmonary function tests. Youth participants then wore the EAR for 4 days. After the 4-day monitoring period, a peripheral blood draw was conducted on each youth participant. Youth and caregivers were compensated for their time. The project was approved by the Wayne State University Institutional Review Board.
Electronically Activated Recorder
To assess maternal responsiveness and youth expressions of affect in daily life, each child/adolescent wore the EAR (33) as they went about their daily lives. Previous research with the EAR suggests good psychometric properties, including sampling patterns that are generalizable to an individual's daily behavior, satisfactory test-retest reliability levels, and high interrater reliability when using well-defined coding schemes (34) . Moreover, the EAR has been used in studies of daily behavior in family research (11, 35) .
Two versions of the EAR were used in this study. 2 Participants were told to place the device in their front pocket or to wear the device on a belt clip provided. After the laboratory session, the youth participant wore the EAR for 4 days, 2 weekdays, and 2 weekend days. Youth were instructed to wear the EAR continuously from the time they woke up until bedtime. Recordings captured 50 seconds of sound every 9 minutes. All participants were provided the option of receiving a CD containing their recordings and were given the opportunity to delete files before coding. Three participants requested their CDs, and none of these participants chose to delete audio files.
EAR data were coded using the Everyday Child Home Observation (36) coding system that specified the youth's current location, activity, mood, and behaviors related to specific types of parent-child interactions. Intercoder reliability was determined by a set of training recordings (512 recordings of 50 seconds in duration) independently coded by the 11 research assistants. Intraclass correlations (ICCs) based on a two-way random effects model were calculated for each coded behavior. Prior EAR studies have reported ICCs using the 2,k method with values ranging from 0.12 for behaviors like reading to 1.0 for talking, reflecting two-way random average ICCs across all raters, to which our values are comparable or better (e.g., Refs. (37) (38) (39) ). These reliabilities are typically high due to estimating the reliability for an average measure consisting of k codings-analogous to a questionnaire with x items. Using the 2,1 method (two-way random single measure) of computing ICCs is a more conservative approach and represents the reliability for single raters. Both ICC estimations are displayed in Table 2 to allow for comparison with the typical magnitude of EAR interrater reliabilities in previous studies (2,k, to which our estimates compare very favorably) and to provide estimates of the "true" reliability of these EAR codes using the 2,1 method. As expected, the reliability estimates using the 2,1 method are lower than when using the 2,k method. Scores for each EAR-observed behavior reflect a mean of the total recordings in which the behavior was observed during waking hours. The mean values of the summed composites, SDs, ranges, internal consistency values, and intraclass correlation coefficients are displayed in Table 2 . EAR coders listen to all participant files before coding. During this time, they identify the youth participant and caregiver based on the frequency in which speaker is found in sound files and a small snippet of spoken language recorded during the laboratory visit. Family members, neighbors, and other individuals in the youth participant environment are identified by contextual cues in the recording files (e.g., location and topic of conversation).
Maternal responsiveness was assessed via a composite measure that included the sum of individual EAR-observed behaviors, including warmth, emotional support, and expressions of pride provided to the youth from their female caregiver. Although one caregiver-youth dyad enrolled in the current study included a father, this youth lived in a two-parent home and his mother participated in his caregiving and was included in this composite. All observed behaviors were coded on a 1 to 5 scale, allowing for half point scores. Warmth was defined as a state characterized by affection and/or kindness (1 = not at all warm; 5 = extremely warm, both tone of voice and content). Examples of warmth toward the youth participant include "Don't worry baby, I'm going to get you a sweater before you get sick because it is cold down here" and "Bless you my child." Emotional support given toward participating youth was defined as providing support when the participating child/adolescent was in a state of distress or emotional need, including empathy, concern, caring, love, and trust (1 = absence; 5 = extremely supportive and empathic, both in tone of voice and content).
Emotional support examples include "Don't worry, Mommy is going to help you" and "You're almost done." Pride expressed for youth was defined as a feeling of deep pleasure or satisfaction as a result of the participating child/adolescent's own achievements, qualities, or possessions (1 = not proud at all; 5 = extremely proud, both tone of voice and content). Examples of pride expressed for youth include "Awesome, I'm so proud of you" and "You're doing real good sweetie." The maternal responsiveness composite mean (SD) was 3.20 (0.33; range, 3.00-4.68; α = .78).
Total youth-expressed positive affect was assessed via a composite measure of summed individual EAR-observed expressed positive affect codes in daily interactions including happy, interested, excited, and proud. All observed affect was coded on a 1 to 5 scale, also allowing for half point ratings. "Happy" was defined as expressions of pleasure. Examples of happy affect include "I love this TV show" and "My basketball game was so much fun." "Interested" was defined as showing curiosity, attention about something or someone, and/or increased involvement with a person or situation. Interested examples include "I can't wait to hear how it went" and "Cool, tell me more." "Excited" was defined as expressing enthusiasm and eagerness. Excited examples include "Oh my gosh, I am so excited" and "Go, go, go, tell me when you want to switch." "Proud" was defined as expressing deep pleasure or satisfaction as a result of one's own achievements, qualities, or possessions. Proud examples include "Dude, I got a 26 and 13, I'm a beast" and "I just had to see something and I was pretty right." Total positive affect expressed by the youth composite mean (SD) was 6.44 (1.35; range, 4.51-9.73; α = .85).
A second composite was computed regarding youth positive affect that comprises the sum of individual EAR-observed expressed positive affect codes in daily interactions without the female caregiver present. The codes included in the composite are happy, interested, excited, and proud and these were also coded on a 1 to 5 scale, allowing for half points. All files including the primary caregiver were eliminated from the current measure. Positive affect expressed by the youth without the caregiver present composite mean (SD) was 6.12 (1.67; range, 4.09-10.36; α = .81). Notably, the range of positive affect expressed not in the presence of the mother was much greater.
Youth-expressed negative affect was assessed via a composite measure of summed individual EAR-observed negative affect codes in daily interactions including sad, angry, upset, worried, and distressed. All observed affect was coded on a 1 to 5 scale, also allowing for half points. "Sad" was defined as a low volume of voice, slowness of speech, sometimes including crying, expressing feelings of disadvantage, loss, despair, helplessness, or sorrow. "Angry" was defined by use of abrupt, biting words, or emotion characterized by antagonism toward someone or something. "Upset" was defined by a feeling characterized by unsettled, disappointment, frustration, or hurt feelings expressed. "Worried" was defined by showing signs of anxiety, fear, or uneasiness. This also included expressing concern for the self and others. "Distressed" was characterized by a state of suffering in the body or mind, or exhibiting signs of stress including but not limited to crying, yelling, and speaking in a higher pitch with increasing volume. Total negative affect expressed by the youth composite mean (SD) was 5.44 (0.22; range, 5.05-5.94; α = . 43 ).
An additional composite was computed regarding youth negative affect that comprises the sum of individual EAR-observed expressed negative affect codes in daily interactions without the female caregiver present. The codes included in the composite are sad, angry, upset, worried, and distressed and these were also coded on a 1 to 5 scale, allowing for half points. All EAR files including the primary caregiver were eliminated from the current measure. Negative affect expressed by the youth without the caregiver present composite mean (SD) was 5.39 (0.27; range, 5.03-6.00; α = .54).
The affect composites and person-level aggregates of EAR-observed emotion codes exhibited a small range overall. However, among individual EAR files from participants, there was a full range from 1 to 5 on all codes, with the exception of "worried" which ranged from 1 to 4.
Caregiver-youth conflict was also assessed via the EAR and used as a measure of negative parenting behaviors in the current study. The caregiver-youth conflict composite included the mean of coded conflict specifically between mother/female caregiver and participating youth, yelling by the mother/female caregiver, and yelling by the youth with each code rated as present (1) or absent (0). This composite is limited to the experience of conflict between the youth and their caregiver (mean [SD] = 0.03 [0.03]; range, 0.00-0.11; α = .39). Although the interrater reliabilities of the specific EAR conflict codes were all within acceptable limits (e.g., >0.70 for 2,k), the α levels for the caregiver-youth conflict composite was low due to small correlations between youth yelling (r = 0.13, p = .40) and mother yelling (r = 0.15, p = .35) with mother-youth conflict. However, in previous work, we identified that the yelling codes were significantly correlated with youth daily reports of negative caregiver-youth interactions (31) . Thus, on both theoretical grounds and for parsimony of conducting analyses, we retained the yelling codes in the conflict composite.
Biological Assays
The morning after the 4-day monitoring period, an 8-ml peripheral blood sample was collected from each youth participant into Vacutainer Cell Preparation Tubes containing sodium heparin (Becton Dickinson and Co, East Rutherford, NJ). Following a modified version of the protocol used by Miller et al. (12) , peripheral blood mononuclear cells were isolated and resuspended in RPMI-1640 medium with HEPES supplemented with 10% fetal bovine serum (Sigma-Aldrich, St Louis, MO) at a concentration of 3 Â 10 6 cells/ml. Peripheral blood mononuclear cells were treated with 1 μl of 100% ethanol and final concentrations of 25 ng/ml phorbol 12-myristate 13-acetate and 1 μg/ml ionomycin calcium salt dissolved in dimethyl sulfoxide (all from Sigma-Aldrich), then incubated at 37°C and 5% CO 2 . After 48 hours of culture, cell suspensions were centrifuged, and supernatants were collected and frozen at −80°C.
Concentrations of IL-5, IL-13, and IFN-γ were quantified by means of enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN) according to the manufacturer's protocol. Interassay variations were 4.6% for each analyte, and intra-assay variations for IL-5, IL-13, and IFN-γ were 6.3%, 3.9%, and 3.6%, respectively. Because of missing data, analyses with IFN-γ only included 42 youth participants. Supernatants were also initially assayed for IL-4, but yielded inconsistent and unreliable assay concentration results. Therefore, IL-4 assessment was dropped from the study.
Asthma Control
Degree of asthma control was determined from the National Asthma Education and Prevention Program, Expert Panel Report 2 guidelines (40). The National Asthma Education and Prevention Program guidelines divides percent of forced expiratory volume in 1 second predicted into three different levels-greater than 80% predicted typical of mild intermittent and persistent asthma and classified in the current study as well controlled, 60%-80% predicted typical of moderate asthma and classified as moderately controlled, and less than 60% predicted typical of severe asthma and classified as poorly controlled. The youth in the sample completed a pulmonary function test during the laboratory session. Current prescribed inhaled corticosteroid and β-adrenergic agonist medications were abstracted from medical records to account for the impact of medications. Dummy codes were created for both medication classes with 0 "no medication prescribed" and 1 "medication prescribed."
Potential Confounds
Based on theoretical grounds and prior work, caregiver-youth conflict and youth expressions of negative affect were identified as key covariates in the current analyses. 3 Caregiver-youth conflict was used as a way to control for negative parenting behaviors that may be occurring in daily life and determine if maternal responsive behaviors are uniquely contributing to asthmarelated immune responses above and beyond caregiver-youth conflict. Furthermore, expressions of negative affect in daily life were selected as a covariate due to the associations between negative affect and health outcomes but also the literature supporting positive affect and negative affect as independent constructs (18) . Thus, by adjusting for expression of negative affect, we can consider the independent contributions of positive affect to health.
Statistical Analyses
All analyses were performed using SPSS for Mac (version 20.0). IL-5, IL-13, and IFN-γ concentrations in stimulated supernatants and the maternal responsiveness composite score were base-10 log transformed before analyses to better approximate normal distributions; after transformation, skewness values were all less than 1. Pearson correlations were conducted to examine the individual relationships among demographic variables, maternal responsiveness, youth expressed affect, and immune markers. Multiple regression analyses were conducted to determine if maternal responsiveness predicted asthma-related immune responses when adjusting for parent-child conflict and expressions of youth negative affect.
We then examined whether there was an indirect effect on the relationship between maternal responsive behavior with each stimulated cytokine concentration via of youth expressed positive affect. To test for indirect effects, we conducted regression analyses using the procedure proposed by Preacher and Hayes. (41) . To calculate the indirect effects, we used Preacher and Hayes' (41) methods with the PROCESS macro using a bootstrapping procedure (20,000 samples).
RESULTS

Associations Between Maternal Responsiveness, Youth Affect, and Immune Responses
Maternal responsiveness was strongly associated with total youth positive affect (r = 0.70, p < .001) and youth positive affect without their caregiver present (r = 0.61, p = .001), but was unrelated to youth age, sex, or negative affect (Table 3) . Greater youth displays of positive affect without the caregiver present were significantly associated with younger age (r = −0.37, p = .015) and male sex (r = −0.47, p = .001).
There were no differences between male and female levels of stimulated IL-5, IL-13, and IFN-γ production. Higher levels of maternal responsiveness were significantly associated with lower levels of stimulated IL-5 (r = −0.38, p = .012) and IL-13 (r = −0.33, p = .031) concentrations, which would be viewed as beneficial in individuals with asthma (Table 3) . Total expressions of youth positive affect (r = −0.46, p = .002) and without the caregiver present (r = −0.47, p = .001) were significantly associated with lower levels of IL-5. The total youth expressions of positive affect (r = −0.37, p = .014) and without the caregiver present (r = −0.30, p = .049) were also significantly correlated with lower levels of IL-13. The total youth expressions of negative affect composite and without the caregiver present were unrelated to asthma-related immune responses. The cytokines were all positively correlated with one another (p < .001), with the strongest correlation between IL-5 and IL-13. This is as would be expected given IL-5 and IL-13 are both T H 2 cytokines linked to inflammation among individuals with asthma. Greater stimulated IFN-γ concentrations were significantly related to greater stimulated levels of IL-5 (p < .001) and IL-13 (p = .002) but were unrelated to maternal responsiveness or positive affect (though in the expected direction). The stimulated levels of the individual cytokines were not correlated with youth sex, negative affect, degree of asthma control, parental income, prescribed β-agonist, or prescribed inhaled corticosteroid.
We then conducted multiple regression analyses to examine the independent effects of maternal responsiveness on asthma-related immune responses. As displayed in Table 4 , maternal responsiveness was entered as a predictor along with mother-youth conflict and youth negative affect. Increased maternal responsiveness uniquely predicted decreased levels of IL-5 (β = −.37, t = −2.19, p = .034) when adjusting for mother-youth conflict and youth expressions of negative affect. In addition, increased maternal responsiveness also uniquely predicted decreased levels of IL-13 (β = −.44, t = −2.61, p = .013) when adjusting for motheryouth conflict and youth expressions of negative affect. Maternal responsiveness was unrelated to IFN-γ, though in the expected direction (β = −.08, t = −0.42, p = .67).
Indirect Effects of Youth Positive Affect
We then tested for the presence of indirect effects between maternal responsiveness and lower immune responses to antigen stimulation via youth expressed positive affect. Each biomarker was tested individually.
We used the PROCESS macro in SPSS to simultaneously estimate the indirect effect of maternal responsiveness through the total youth positive affect composite on simulated levels of IL-5 when adjusting for mother-youth conflict and youth expressions of negative affect (41, 42) . As displayed in Figure 1 , analyses indicated that there was a significant indirect effect of maternal responsiveness through the total youth expressions of positive affect on levels of stimulated IL-5 (95% confidence interval [CI] = −3.41 to −0.03). The indirect effect of maternal responsiveness through the total youth expressions of positive affect on levels of stimulated IL-13 was significant (95% CI = −2.34 to −0.01) when adjusting for mother-youth conflict and youth expressions of negative affect. The indirect effect of maternal responsiveness through the total youth expressions of positive affect on levels of stimulated IFN-γ was not significant when adjusting for mother-youth conflict and youth expressions of negative affect (95% CI = −5.37 to 1.69).
Next, we tested whether the relationship between maternal responsiveness, youth positive affect, and the asthmarelated immune responses held when using youth positive affect without the caregiver present instead of the total positive affect composite to determine if this effect was unique to interactions with a caregiver. As shown in Figure 2 , there was a significant indirect effect of maternal responsiveness through youth expressions of positive affect without the caregiver present on levels of stimulated IL-5 (95% CI = −3.11 to −0.10) when adjusting for caregiver-youth conflict and expressions of negative affect not in the presence of the caregiver. However, there was not a significant indirect effect of maternal responsiveness through youth expressions of positive affect without the caregiver present on levels of stimulated IL-13 (95% CI = −1.84 to 0.10) when adjusting for caregiver-youth conflict and expressions of negative affect not in the presence of the caregiver.
DISCUSSION
The findings from this study showed that increased maternal responsiveness and displays of youth positive affect in daily life are linked to lower production of IL-5 and IL-13, potentially important biomarkers in the management of asthma. Furthermore, youth expressions of positive affect provided a mechanistic explanation for the relationship between maternal responsiveness and stimulated levels of IL-5 and IL-13. That these effects held whether examining total youth expressed positive affect or expressions of positive affect when youth were not in the presence of their female caregiver for IL-5 provides preliminary results that the links between positive affect and IL-5 may be robust across different social contexts. In other words, the association between youth positive affect and IL-5 was not driven simply by positive affect expressed in the presence of the female caregiver. Furthermore, that these results held when adjusting for negative aspects of daily family life, including caregiver-youth conflict and youth expressions of negative affect, provides more evidence for the independent health effects of positive family interactionsand positive emotions more broadly-in daily life.
For individuals with asthma where inflammation and allergic reactions can cause airway hyperresponsiveness and difficulty breathing (43) , reduced immune response leading to lower levels of IL-5 and IL-13 is desired. Although production of IL-5 and IL-13 was very strongly correlated, the indirect effect model predicting IL-13 via expressions of youth positive affect not in the presence of the caregiver was not significant; however, the indirect effect of maternal responsiveness on IL-13 via total expressions of youth positive was significant. It is possible that with a greater sample size, the indirect effect model with expressions of positive affect without the caregiver would be significant. In contrast to how negative interactions such as stress and strained family relationships can increase levels of potentially damaging immune and/or proinflammatory biomarkers, these findings suggest that positive family interactions are associated with reduced and therefore potentially less-damaging immune responses. These associations support the hypothesis that increased maternal responsiveness and positive affect expressed by youth may improve asthma symptoms over time by reducing the responsiveness of the immune system to exposures likely to trigger the well-characterized T H 2 responses involving IL-5 and IL-13, cytokines related to increased inflammation and airway obstruction with key relevance for asthma (44) .
The current analyses do not help to clarify the contribution of IFN-γ to asthma pathophysiology. The current role of IFN-γ is not well defined in the literature in terms of the contribution to asthma symptoms and morbidity (12, 30) . We found that greater caregiver responsiveness and greater expressed positive affect were not significantly related to stimulated IFN-γ concentrations, but the associations were in the same direction as the associations between those psychological variables and IL-5 and IL-13. Similar to our results, children with asthma in low socioeconomic status family with greater stress exhibit a similar significant pattern of stimulated T H 2 cytokines and no relationship with T H 1 cytokines (28) . Also consistent with the pattern of results found in our study, individuals with asthma who are subjected to academic examination stress display activated T H 2 cytokines but unchanged T H 1 cytokine expression (27) . However, recent studies have shown links between stress and increases in IFN-γ in individuals with asthma (29, 45) . It is possible that positive family interactions do not influence T H 1 responses via IFN-γ, in contrast to the research that has demonstrated a link between For sex, male was coded 1 and female was coded 2. Because of missing data, correlations with IFN-γ only included 42 youth participants. * p < .05, ** p < .01, † p < .10.
stress, family relationships, and activated immune responses via the T H 1 and T H 2 pathway (12, 29, 46) . In addition, these data contribute to the growing literature on the relationship between positive affect and superior health outcomes, showing links between positive affect and lower levels of stimulated IL-5 and IL-13. Notably, this is the only study, to our knowledge, that examines how expressions of youth positive affect are associated with health-related biological processes. Theories of positive affect assert that positive affect may promote resilience and endurance (47) , bolster physical and psychological resources (48) , and encourage positive health behaviors (49) , which, in turn, may help to reduce stress and promote recovery from stressors. Consistent with the adult literature that has demonstrated a relationship between self-reported positive affect and improved immune function (50) , these findings show that expressions of positive affect are also important and associated with a "healthier" immune response.
Overall, these observations highlight the potential health benefits of responsive and supportive family relationships. Parental responsiveness has been viewed as a crucial family component in the management of youth asthma. These data, coupled with accumulating evidence demonstrating the direct negative impact of adverse family experiences on asthma pathogenesis, make a strong case for further exploration of family-health links among youth with asthma (12) . In addition, these data also converge with research focusing on resilience in youth raised in risky family environments. Building on Chen and Miller's (51) "Shift and Persist" model, which offers an explanation as to why some children can accept, adapt, and endure high degrees of life stress early in life, this work provides novel evidence for family characteristics that may mitigate the deleterious health effects of recurrent and severe adversity early in life.
The current study has limitations that are worth noting. First, this study has a fairly small sample size with limited statistical power and does not include a control group comprising healthy youth; previous research has highlighted the different impact of family interactions on immune processes in healthy children (12, 28) . Also, although using an acoustic naturalistic observation strategy provides a number of benefits, the method only allows coding of verbal and audible support in the environment; this method cannot assess aspects of family relationships that are not heard (e.g., body language, physical touch, or written words). The EAR data also only captured family interactions through a 4-day period, which may limit our ability to observe family dynamics as they change and evolve over longer periods. These analyses focused only on maternal responsiveness and positive affect, but have established a foundation from which to explore other positive aspects in family life that may influence physical health. In addition, the current study did not have a record of the actual medications used during the EAR sampling period. Prescribed medication levels used in the current study may not be an accurate reflection of medications taken provided the challenges associated with adhering to a maintenance medication for youth with asthma (52) . Given that the prescribed amount of medication may not be an adequate measure, it is possible that caregivers that were more responsive to the youth directed more attention to anti-inflammatory medication adherence and could potentially explain the lower immune response found in the current study. Furthermore, the current data are cross sectional and, although we found evidence for indirect effects, it is possible that these relationships are bidirectional and/or change over time. Youth in the current study are moving through a critical age in development; it is possible that these relationships change over time or that caregivers are more responsive to youth who express more positive affect. Finally, the current study did not assess youth personality as a potential contributor to the effects observed. It is possible that youth with certain trait-level characteristics, such as optimism, may express positive affect more in daily life, and thus, trait-level characteristics may ultimately account for improvement in asthma-related immune responses. Future work should aim to clarify the influence of various trait-level characteristics on expressions of positive affect and the relationship to health. This type of work could also clarify whether stable personality traits are stronger predictors of health than daily microlevel family interactions, such as those assessed in the current study.
The current work uses the T H 1/T H 2 paradigm as an avenue to understand the complex mechanisms underlying immune processes found in youth with asthma (30) . Notably, this paradigm was developed out of animal models focusing on the contribution of IL-4 and IL-5 to allergic processes and limits the investigation of immune processes at play. Although there is strong research support for aspects of the T H 1/T H 2 paradigm, research using human samples has not successfully replicated all the findings from animal studies supporting this paradigm (29, 53 ). Moreover, the T H 1/T H 2 paradigm does not investigate the influence of other T helper cell subsets (T H 9, T H 17, and T H 22) found to influence asthma (30, 54, 55) .
Future work should focus on clarifying the biological pathways that are involved with positive family interactions. One interesting potential direction for research is investigating whether maternal responsiveness and other positive parental behaviors enhance cortisol's ability to regulate the immune response and simultaneously defend against glucocorticoid insensitivity in immune cells (12) . Preliminary evidence from our group (Kane et al., unpublished data, 2015) points to the influence of positive caregiver behavior and interpersonal conflict on hypothalamic-pituitary-adrenal axis functioning via diurnal cortisol patterns, such that positive maternal parenting behavior was associated with steeper (more "healthy") diurnal cortisol slope in youth with asthma, whereas interpersonal conflict was associated with flatter (less "healthy") diurnal cortisol slope. By further investigating the potential downregulation of glucocorticoid receptor expression and functioning, research could continue to clarify the links between family interactions, cortisol secretion, and asthma. We theorize that youth in families characterized by high levels of positive behaviors should show increased glucocorticoid receptor gene expression and protein synthesis, and, in turn, greater down-regulation of inflammation and immune response by the hypothalamic-pituitary-adrenal axis. Furthermore, future work can clarify the contribution of other T helper cell subsets or T regulatory cells that were not examined in the current analyses. As interest in T regulatory cells' contribution to T H 2 cytokine production and asthma exacerbations increases, additional research could work to clarify how these cellular processes contribute to the relationship between family interactions and asthma. Moreover, extending this work to medically healthy children may provide more insights into the influence of positive family interactions on health.
A second critical direction of this work is examining how positive family behaviors affect immune function over time, and, in turn, affect asthma morbidity. As a corollary to extensive prior work showing that increased adversity in youth is associated with a number of negative biological and health consequences, the findings from this study suggest that responsive parenting may presage improvements in children's health-related biology during development. Taking the longer view, future research is needed to determine whether responsive parenting in late childhood and adolescence can lead to physical and psychological health benefits in adulthood. Parental behaviors that exhibit appropriate and contingent support may help to buffer the effects FIGURE 2. Indirect effect of maternal responsiveness on levels of stimulated IL-5 through displays of youth positive affect without the caregiver present controlling for caregiver-youth conflict and expressions of negative affect without the caregiver present (n = 43). IL = interleukin; CI = confidence interval.
of stress-both daily stress and stress due to illness-and positively affect a child's ability to cope with stress into adulthood.
If replicated with larger samples and longitudinal designs, there are potential clinical implications of this work. Whether fostering parental responsiveness could lead to clinically significant improvements in either acute or chronic inflammation could be tested by integrating biological assessments into existing intervention protocols, many of which are geared toward helping parents to be more responsive to their children. Early intervention work in the parentchild relationship, focusing on improvement in maternal responsiveness, attentiveness, and control, has demonstrated resulting changes in ability to self-soothe, sociability, and cognitive exploration in infancy (56) . Other programs have had success with enhancing support and sensitivity in atrisk samples to improve emotional and academic outcomes (57, 58) ; therefore, future work could assess the impact of these types of interventions on cellular processes and physical health outcomes.
Taken together, the findings from this study support the idea that positive and supportive family interactions have the potential to promote physical health in children and adolescents. Our data point to a plausible psychological mechanism regarding the way in which parental behaviors can influence youth health, such that maternal responsive behaviors, through youth positive affect expressed in daily life, may lead to positive health outcomes. This work helps to provide a more comprehensive understanding of how positive behaviors in the family, in addition to previously identified negative family characteristics, influence immune responses.
We thank all research assistants in the Close Relationships Lab for their help with data collection.
Source 
